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Text S1: Core description M45/5 KL90.
Site  M45/5  KL90  (Pöppelmeier  et  al.,  2020b)  is  located  in  the  Northeast
Atlantic basin (31.62°N, 28.02°W) at a water depth of 3143 m. The age model
was constructed by four  14C dates measured at the LARA laboratory of the
University of Bern, Switzerland supported by sedimentary data (Figure S1).
Overall,  the sedimentation rate of  site KL90 is considerably lower with an
average of ~1.2 cm/kyr. Site KL90 is located about 10° farther south than site
U1313  and  is  partly  bathed  by  modified  Antarctic  Bottom  Water  that  is
entrained in NADW when it passes through the equatorial fracture zones of
the Mid-Atlantic Ridge and flowing northward into the Northeast Atlantic basin
(Figure 1).
Text S2: Time series fitting with generalized additive models.
Fitting of irregularly spaced time series is statistically challenging due to the
time-dependency  of  the  fitted  data.  Generalized  additive  models  (GAM)
alleviate this issue by using smoothness selection methods to determine the
complexity of fitted trends by means of formal statistical methods also taking
into  account  data  and  fitting  uncertainties  (see  Simpson  (2018)  for  a
mathematical description and additional examples). GAMs are an extension
of  generalized  linear  models  with  additional  smooth  functions  of  the
covariates.  These smooth functions can in principle be any kind of splines
(e.g., cubic regression spline or thin plate regression spline). In order to not
under- or overfit the data, a “wiggliness” penalty of the second derivative of
the spline is used. The smoothness selection can be performed via different
methods, e.g., generalized cross validation or restricted maximum likelihood
(REML) (Simpson, 2018). Here we used the REML smoothness selection.
Text S3: Stable carbon isotope based calculations of %NSW.
In addition to the Nd isotope based binary mixing calculations of Figure 4, we
performed analogous calculations based on the stable carbon isotope records
depicted in Figure 3b (see Figure S5).  The southern end-member is  again
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defined by the Cape Basin record, while two different northern end-member
records are available, U1313/DSDP607 (Ruddiman et al., 1989) and SU90-03
(Chapman  et  al.,  2000).  Similar  to  the  missing  information  on  past  Nd
concentrations,  dissolved  inorganic  carbon  (DIC)  concentrations  are  also
insufficiently constrained for the past. However, relative changes of DIC are
small and thus have only little impact on the mixing calculations. Following
Howe  et  al.  (2016),  we  set  the  northern  and  southern  end-member
concentrations to 2180 and 2390 µmol/l, respectively.
The temporal evolutions as well as the absolute %NSW proportions for both
U1313/DSDP607  and  SU90-03  δ13C  based  mixing  calculations  of  the
equatorial  site ODP 929 are very similar.  The uncertainty bands generally
overlap, yet SU90-03 based %NSW was consistently below that of the U1313
based  calculation.  Nevertheless,  comparing  the  εNd  and  δ13C  based
calculations of %NSW at site ODP 929 strengthens our conclusion that NSW
dominated the Atlantic  throughout  the past  100 kyr  as its  proportion  was
consistently around or even above the modern percentage for  both water
mass tracers.
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Figure S1: Sedimentary properties of Site M45/5 KL90. (a) Authigenic Nd
isotope  reconstructions  (Pöppelmeier  et  al.,  2020b),  (b)  water  content
indicative  of  porosity,  (c)  sand  fraction  (>63  µm),  and  (d)  magnetic
susceptibility.
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Figure S2: (a) Nd isotope record of North Atlantic site KNR198 GGC35 by
Zhao et al. (2019). (b) Compilation of new and published Nd isotope data of
Site U1313. Lang et al. (2016) extracted the authigenic Nd from fish debris
while Lippold et al. (2016), Pöppelmeier et al. (2018) and this study used
bulk sediment leaching. Note that Lippold et al. (2016) used the leaching
protocol after Gutjahr et al. (2007), while Pöppelmeier et al. (2018) and this
study followed the  protocol  by Blaser  et  al.  (2016).  The  main difference
between  both  leaching  protocols  is  a  ten  times  dilution  of  the  leaching
solution by Blaser et al. (2016).
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Figure  S3: Comparison  between  benthic  δ13C  of  sites  ODP  929  (6.0°N,
43.7°W; Bickert  et  al.,  1997;  Howe and Piotrowski,  2017)  and EW9209-1
(5°N, 43°W; Curry and Oppo, 1997) both from the Ceara Rise. Black line in
top panel is a three-point running mean. Gray line with error  band (95%
confidence interval) in the bottom panel depicts fit with generalized additive
model  (same  as  in  Figure  3b).  Note  the  reversed  y-axes.  Generalized
additive model algorithm cannot find a statistically significant trend in the
ODP 929 record due to the large scatter. Due to the close proximity of both
sites  we  therefore  chose  the  EW9209-1  record  for  the  δ13C  based
calculations of %NSW (Text S3; Figure S5).
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Figure  S4: Age  constraints  for  DSDP  607  derived  from  δ18O  wiggle
matching between the benthic  δ18O stack by Lisiecki and Stern (2016) and
the record of DSDP 607 (Ruddiman et al., 1989).
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Figure S5: Proportions of NSW at site ODP 929 based on δ13C (same binary
mixing calculations as applied for Figure 4) and two different northern end-
member records (blue: SU90-03; green: U1313). Dissolved inorganic carbon
(DIC) concentrations of the northern and southern endmembers were set to
2180  and  2390  µmol/l,  respectively,  following  Howe  et  al.  (2016).
Uncertainties of DIC concentrations are estimated to 5%, but contribute only
little  to  the  uncertainty  bands  of  the  95% confidence  intervals,  that  are
dominated by the large scatter of the δ13C time series.
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